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INTRODUCTION

This report combines the wind-tunneI resuIts of radiator tests made at the Navy A.erody-
narnicaI Laboratory in Washington during the summe~s of 1921, 1925, and 1926, and submitted
for publication to the National .kdvisory Committee for Aeronautics, November 29, 1926. In all,
13 radiators of various types and capacities were given compIete tests for Egure of merit. Twelve
of these were tested for resistance to water flow and a fourteenth radiator was tested for air resist-
ance alone, its heat-dissipating capacity being known. All the tests were conducted in the
8 by 8 foot tunneI, or in its 4 by 8 foot restriction, by the writer and under conditions as nearly
the same as possible. That is to say, as far as possible, the general arrangement and condition
of the apparatus, the observation intervals, the ratio of water flow per unit of cooling surface,
the differential temperatures, and the air speeds were the same for alI. AIso, for reasons of com-
parison, the L/Dw.lue of 6, which was assumed in the 1921 tests as the L/D of the airplane wing
the radiator, was also used in the more recenh tests.

NTOattempt is made to enter upon the theory of heat dissipation. Only the actual test
results are given and reduced to coefficient form. The precision of the test-s as representative of
full-flight performance is definitely known onIy in the case of the IZLV-2’. The McCook Field
full-flight performance and the Navy tunnel performance of this radiator agree within about
3 per cent.

Since this full-flight test was made with unusual care and since the wind-ttunnel tests on all
the radiators were made not only accurately but ako at aLmost full scale, it would seem probable
that these tests represent quite accurately the full-flight performances in actual service.

DESCRIPTION OF RADIATORS .

Nine radiators of the 13 had cores of the cartridge type whose frontal areas -were uniforndy 1
foot square. Figure 1 gives the externaI appearance of one of these radiators and Figures 2 and 3
are close tiews of core se=ments of each. Six of these 9 are known as G. and O., 2 as U. S.
Cartridge, and 1 as Rome Turney. For the heat-dissipation tests each was equipped with
headers of eqwd frontaI area.

With these nine -was tested a tenth radiator, known as the Lamblin, composed of evenIy
spaced radiaI pIanes, whose out.Iine was roughly that of a spheroid. The air flowing aIong the
major axis entered at, the front end and passed out, between the planes. Stream-1ined hoops,
placed at the front and back, served as water headers as well as strengthening members.
Structural data for this radiator as welI as for the first nine are given in Table L

The other three radiators tested for figure of merit were manufactured by the Heinrich
Engineering Corporation. One, kgow-n as type HA% and illustrated in Figure 4, consisted
of 230 flat parallel fins three-eighths inch apart, each composed of tubes of 0.007 inch hard drawn
copper, flattened to about 0.50 inch by 0.07 inch and tack soIdered edge to edge. These fhs
were supported and connected with the main headers by thin branch headers into which the
flat tubes of the fins emptied. At the leading edge there was a shutter so constructed as to fold

163

..--—



164 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

into the streamline form of the headers when closed, as in the figure, or to spread over the ends
of the fins when open. The approximate external dimensions of this radiator are 3CIinches
length, 44 inches height, and 9 inches width. It contained about 206 square feet of radiating
suyface and had empty and full weights of 113 and 173 pounds, respectively.

The other two Efeinrich radiators, known as the Heinrich wing radiators, are illustrated in
Figtlres,5and 6. They consisted of seseral thin fins extending vertically from the under surface
of the wing, each constructed in sirrdar fashion and of like material to-those used in the Heinrich
stream-line radiator described abo~e. The over-al] dimensions of the wing radiator fin was

5 inches width and 31.75 inches length. The two wing radiators difl’ered only in the spacing
and the number of the fins; one had 9 fins spaced 1 inch, the other 6, spaced 1,5 inches.
Both were attached to a 40 by 36 inch wing of R3C3 section.

The fourteenth radiator, which was tested for air resistance aIone, was a Curtis radiator
having a 9-inch cartridge core and over-ail dimensions of 40 by 12 by 10.75 inches. This

FIG 1.—Ty~ical test radiator

radiator is illustrated by Figure 7. Tts fu]] and
empty weights were 15!3.8 and 105.6 pounds,
respectively.

METHOD OF MEASUR1N(2 .41R RESISTANCE

The air resistance of the radiator or radiator
core was determined! in most cases, by suspending
it by two or more wires attached to its upper
edges and running either to the tunnel, ceiIing, or
through it to the ceiling of the laboratory above.
The radiator was then displaced downstream until
the displacing force exceeded the maximum ziir
resistance to be measured, then connected to the
balance shank by a horizontal tension wire. Lat-
eral motion of the radiator was prevented by two
taut cross-tunnel wires with eyeIets through which
two guide pins, projecting upstream from the upper
and lower edges of the radiator, had only slight
lateraI freedom. The downstream movemcnt=of
the radiator due to the wind was negligible hence
DOcorrection of the measured resistance for gravity
was required. To determine the correction required
to reduce the measured resistance by the resistance
of the suspending wires, a second run was made
with doulie wires, the additional wires being
placed beside the permanent ones and 10 or more

diameters away. The increments of resistance thus found, due to the additional wires, ~vas
taken as the resistance of the permanent ones and was subtracted from the radiator find
s~gle-wireresistanceas the \Y~e C,orrect,ion.The. resistance of the horizontal wire was
negligible.

Figures 7 and 8 illustrate the Curtis radiator moimted in the tunnel ready for an air-resist-
ance test. All the radiators or radiator cores were tested for air resistance in a simiIar manner
excepting the two wing radiators, for which the method of mounting was necessarily a little
different.

The two Heinrich wing radiators were gives air-resistance tests assembled to a wing segment.
This wing segment was supported in the inverted position at zero degrees angle of attack by
four verticaI suspension wires, as shown in 133gure5. The wing was restrained from downstream
movement in the wind by a compression rod running horizontally from the balance shank to
the trailing edge of the wing, and from lateral motion by cross-tunnel wires, both vertical and
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Wnch U. S. Cartridge Wnch U. S. Cartridge 3-imh G. .&Q. 1%503
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FIG. 2.—Radiator tom.

I

Fm. 4.—Heiarich raiiator. S3u!ter flaps closed
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FIG. 3.—Radiator cares
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Fm. 5.—lIeiarich wing nx%tor (i%+ste.me mountind
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horizontal, with eyelets at the intersections, through which guide pins, projecting from the
leading edge of the. Wing had only small lateral or vertical freedom. The Wing lift, being down-
ward, Was borne by the four suspension wires, the drag by the compression rod and the balance
shank. The resistance of the r~diator Was determined from two tests, one made on.the radintor
and wring assembled as in Figure 5 and the other made on the wing alone. The diflerencc of
the resistances was taken as the radiator resistance. =-

METHOD 01’ MEASURING RATE OF COOLING

The general appearance of the apparatus for a c&oling test is portrayed in Figure 9. The
radiator Was suppcirte-d symmetrically in the tunnel throat’ by 8 taut stay wires, 4 at the top
running obliquely up to the tunnel ceiling and 4-at the bottom running obliquely down to the
tunnel floor. Hot Water pumped from the supply tank, shown to the right, was passed through
the Venturi meter, thence through the radiator and the return pipe to the same ttdi, Which
was kept at nearly constant temperature by means of a. steam-heating coil. Thermometers
Which Were accurately calibrated Were carefully inserted to the same depth in the st_Ipply and
return pipes to measure the temperature of the Water upon entering and lea~irig the radiator,
and a third Was inserted through the wind-tunnel ceiIing to measure the temperature of the
general air stream.. The rate of flow of the water through the radiator was measured with
the standard Venturi. The speed of the undisturbed air approaching the radiator was measured
in the usual Way with a Pitot tube and manometer, the Pitot tube being placed sufficiently
u~stream to avoid blanketing by the radiator. The manometer and Pitot tube-in this position
Were calibrated to read the air speeds in the position occupied by the radiator.

MEASUREMENT OF WATER PRESSURE-DROP INSIDE RADIATORS

The pressure difl’erence of the Water on entering and leaving the radiator due to various
rates of flow was measured by two U-tube manometers, one in each header.

RESULTS OF THE TESTS

Tables I to ~incIusive, show-, for the various air speeds noted, the heat dissipation and
air resistance, both as measured and in coet%ic.ient form, and the ratio of the tw’o expressed in
terms of power , which is defined as the figure of merit. Table I contains the results of 13
tests on 10 radiators-the Lamblin radiator Was tested at four rates of water flow—the data
given for each best being condensed from data as observed and recorded in Tables II, ITI, and
IV. These latter three tables give the data in uncondensed form on the three Heinrich radia-
tors. The six observations for each air speed w’ere taken at two-minute intervals af~er fairly
steady air speed and Water flow Were obtained and thermaI equilibrium was established. 12ach
observation given in Table 1 is the average of six like observations. Various definitions, con-
stants, and radiator dimensions are supplied in the tables.

The air resistance of the radiators or the radiator cores, as given in the five tables and
plotted in Figures 10, 11, and 12 is expressed by the ‘general equation R=II}’zwhere n varies
from 1.84 for the Heinrich Wing radiators to 2.13 for the Heinrich stream-line radiator. For
the cartridge core typw n varies from 1.95 to 2.02. __

The figure of merit, which is the final object of the tests, diminishes continuously with
increase of velocity. For the cartridge core types the figure of merit decreases roughly with the
increase of the velocity squared, While for the Wing radiator Lypes it decreases nearly w’ith the
increase of the velocity. In. the case of the cartridge core types the short tube radiators havci
greates~ merit at low speeds, the long ones at high speeds. This is clearly shown by the U. S.
Cartridge radiator with 9-inch tubes. This radiator has the least merit of the nine at low speeds,
but is the most efficient at speeds above 130 miles per hour. The figure of merit of the ~)artillel
fin type radiator, such a.s the Heinrich Wing radiators, is about the same as that of the best
cartridge core at airplane landing speeds, but is distinctly better at the higher air speeds. Fig-
ure of merit plots are given in Figures 13, 14, and 15.
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The pressure heads required tio mainttti different mass rates of winter flo-iv through the
various radiators are given iu Tables VI and VII and are pIotted in Figures 16 and 17’ for all
13 radiators except the Heinrich stream-line radiator, upon which these measurements -were
omitted. The pressure heads have the general form p = Ko’ -where,for all cases measured,
n -wries from 1.86 to 2.00. The formula for pressure drop in terms of turbuknt flow- speed,
commonIy given in works on fluid dynamics, is p = K@.”.

The tables and diagrams given in tki.s report may be analyze{ in difTerent Ways, depending
upon the experimental facts desired. NTOattempt is made here to enter upoD such anaIysesl
although the material is presented in a form as complete as possibIe for this purpose. IXke-
-iviseno expression of opinion is given touching the suitability of any radiator or type of radiator
for any particular use. “
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TABLE I.—FIGURE OF MERIT

~ h-me ofradiatawith
misslkneauzdat%I

9-inch U. K Ctidse.
II-.43.17 pounds.
A=1.00 S4aare foot
D=3.35 per cent.

: tinch U. S. Cartridge.
R-=21.25 poumis.
.4=0.9s square fmt
.2)=4.76per cmt.

.%nch Rome Trrmey. -
W=22.64 pormds.
A=I.fm square foot
D=3.2i pw cent.

,

5-imhG.& Cl.lWJM.-
~ Tr=2LTi pmmis.

A=O.92 square feet
D=3.%3 pa cent.

3-inChG. & O. li’M37--
W= 14.75pounds.
.4=1.03 sqnare fw~
D=3.22 per cent.

I
I 5-inchG.& O. lTWB.-

W=22.89 pounds.
1

A=O.9W square feet
1 3=3.25 parcent.

3-inch G.& C).li6.W. -
W= II.W.Iwumis.
A= I.KI .Wuarefoot,
L)=6.45 per rent.

Lamblin radiator . . . . .
w=&5.3 pmLd2.
A=fnU sue.
D=O.

Lamblin radmtor -----
W.66.3 ~unds.
A=frdf size.
D=O.

~
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E.

30
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130

30
50
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130

30
50
70
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130

M
a
70
w

110
130

33
50
:0
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130

30
w
70
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130

w
.5a

z
110
130

24
m
70

Iti
130

30
HI
70

In
ml

w

1%
103
106
115

92
53.5

E
104
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%5

1%
W
105
113

‘%5
96
93

MS
11%

I(KI
101
mz 5
W&5
III
l%%

101
101
102
104
16S
J.u.

:;
95
6$

101
Uo

E
%.5

102
la
109

95

1%
K12
169
11.5

Fate
infet

1S5.5
1s9.5
1s+.5
136
18+
ISL6

1s445
1s3
LS2-5
1s6.5
179
1s0.4

183.5
162
m
1S3
lS%5
IS6.~

1s1.4
lg~
li5
La 5
1s1.5
1%5

1345
1S3
157.4
1S3
1S7.2
IQ

183.9
175.5
177.8
175
174.7
174.1

P3i.8
193
1s3
Wt.4
195.5
185-2

19L5
[s6.2
[35
172.2
157
LSA5

[SL4
1S6.5
134-5
18L3
WI.8
K7

TemLwature in degrees F.

Iz. 5
In
16s.5
16s
K%
164

177
Im. 5
169.5
170.5
164
1’56

177
172
170

169
173.5
1?2

175
liL 5
163.5
166
167.5
170

Ii& 5
Isa
In
174
175.5
1725

191
1s5.5
191
193
1925
1s9.3

193.5
M
17S
liO. 5
1S3
175.2

181
173.
16’3
163
16s
1(Y3

m
179.5
Ii&
172
liL 5
168.5

Mew

B2
1s3. 2
li6.s
Iii
174.5
172.8

1843.7
182~
176
lis. 5
liL 5
li3. 2

130.2
li7
176.5
176
lm. 5
179.4

lm. 6
176.7
Ma 2
173.7
174.5
Hi. 5

ISL 5
w. 5
1S2.2
Ha 5
18.1.3
m. 3

IH. 4
la). 5
1.s4.4
1625
In 6
EL 7

19’41
135
1s3
175.4
1s9.2
1s0.z

LS6.2
179.6
177
HI. 1
n7. 5
175.2

179.2
1S3
M. z
176.5
li6. 1
liZ 7

7
IZ.5
16
Is
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17.6

7.5
lL 5
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14.4

6.5
10
13
14
16
14 s

7.3
10.5
IL .5
13.5
1.4
Ii

60
9

10.4
u
H. 7
9.5

7.1
10
13.2
15
15.s
15.2

T.3
9

10
Q9

12.5
Lo

10.5
13.2
16
16.2
M
13.5

4-4
7
3.5
9.3
9.3
K5

Mean
dilTez-
ence=
ti and
water

w
35.2
75.5
74
6S.5
57.s

3S.7
6$.7

% 5
G. 5
6L 2

3442
80
76.5
72
75.5
E&~

35.6
SL5
g;

iL 5
M5

E:
79.7
73
70.3
57.3

S&4
w. 5
3$?-4
m. 5
74.6
70.7

103.I
93
.S3
77.4
38-2
;a 2

“343
S5.6
84.5
il. 1
74.5
66.3

33.2
36
so.2
74.6
67.157,~

Rfiaf:
,

Ionnd
f v+ate

ml-
Iinut

101.5
99.5
99

M. 5
105

105.s
162.s
107.5
104.5
105
105

106.i
105.2
103.5
105.5
106.7
105.2

1015
104
106.s
107
103
ml

102.5
103.s
104
103
103
103.8

103
101.2
103.5
104.5
105
IG6

105.6
99

101
160.2
101
m. 2

10+3.I
106.4
m. 1
m. 1
103.9
105.7

193

z
20-5
m
m

B.t. o
dissi-
pated

Pw
uirmt
for1

Sq#

fronts
sea o
care
ad-j
=(J (!

~g
dimr-
nceb+
iw-een
mean
Wak
ad ail

I, !$$
2,11%
2,491
ZWl
3,WI

STo
-1,296
1,697
2,019
2$y6
,4

797
1,273
& 762

$E
2,.m

1,%
1,625
1,Wi
1,%55
& 192

1,%
I, 312
1,53’2
1,m
1,M

L %4
1,64
&975
2,1!2S
2,m

z
1,(3jZ
L 1%

W

1,M2
1,w
2,Ho
%418
X729
z 954

1,04s
Ij 62?I
z 150
2,5.?!8
2,770
2,W0

Total
resfst-
ame of
Xidiatoi
mm, in
?ound:

L 635
4.544
3.927

14.920
22120
3L 170

L 715
~-SM
‘2’.5.$7

15,m
23.320
33.470

L 4$5
4.024
7’.SW

I-2.w
19.m
26.570

J-WI
4.7%4
g.4~7

15.74
23.52
S&07

L Gil
<W4
&m

14.82
2202
30.37

kg
i. OH

11.64
Ii. 22
23.S7

L445
3.964
7.SST

E’&
13.42
2.5.57

Totaf
rM.st-
ame
w

square
rod of
Gmtal
m
=E

L 635
L544
3.%27

14.WI
22.Ml
3L 170

L 749
4915
9.753

16,1.50
24310
34.150

1.4ss
4.694
7.897

12 cm
19.ml
26.570

L 713
4 $?S5
9.54

15.S9
23.75
33.40

1.tm
4.594
s.977

14.Sz
22.02
30.87

L 369
3.73
7.162

LL7i
17.ml
24.1$

L 445
3.354
7.s;

12.42
1s-42
25.57

L 955:._—-
& 614!--------

11.167:-----
1s.72 --------
2s-12 :--------
39.67 :-------

L 9331--------
5.614 !..-.-.

LL 167 --------
18.72 --------
28.12 -------
39.67 b..”------

U, at
Sorbei

SCRrf
fad01
front &
area
=P

0.70s
1.542
3.m
5.303
3.5!21

13.2s5

.422
1.126
2.4%%
4.722
s.163

13.0.54

.43
L053
z. 1s2
4.m
6.743

10.5Z0

.467
L 194
2.55
4.sol
s. Jrl

13

.331

i %
4 1+2
7.173

IL 543

. *94
L 012
2 OK
3-.w
0.21s
9.6s2

16.41~ .2if
2L04, .78S
24.94 L in
2&13~ 3.445
3L49 / 5.97
31.9%[ ~.532

27.751 1.039
3s.51[ 222
49.54 j 4.144
%.77 , 7.139
64.07 j IL4i7
69.2$ I 17.w.

24.61! L038
3a04[ 2219
as ~ 4.H4
m. m ! 7.137
6i.04 i 1LH7
70.21 I 17..%4

1 W= weight of 1 square foot ontal area of core mith water; A= front aI area of ewe tested; D= percentage. B. t. u. deduction due to heoder
area conssderwt as equivalent to [ re ares.

~Note area mrmetion and de mtion of pereerkage due to headers.
ZHezdms were not remore~ remits not wmpardde with other tests.
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HP. abswhed=(~ V+% E’t’) 0.WrW4,where J’=air speed irr M. P. H.; R=resismnce per unit frontal area-pounds; lT=weigh i of full radiator
pzr unit frontal area-pounds; 6= L/D of airplane+mumed.

HP. dissipated =O.W%8,XC3.L u.).
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Name of radiator with
mfseolkmeoue data

Air
‘spew
Ml?
H.

!-

‘ 30

1Lamblin radiator . . . . ..- 50
~’=60.3p0unds. 70
.4=full size
D=o. i In

140

2-irv3”- ,- -
!( ~

‘N
110

IL 140

II30
5-inch G. & 0.176W2..: .50

W=244 pounds. 70
,,, ,,,, .,
-:, 1%

IL 140
. . .. .._.. L_.

TABLE 1,—1’IGURE C3F MERIT-ConLinued

Temperature in degrees F.

Air u
Urine

89

%.5

1::
lm

96.8
97.7

10L2
9+5.8

102.2
113

91
92.5
95

1::
108

;:
lCO
102
108
114

m:

.—.
..

M5.6
138.3
181.2
180.5
189.5
178

179.5
130
173.5
13’3.8
180.2
134

182
168,8
189.5
186
182.5
187.5

138$5
135.5
133.8
187
g 5

Water
outlet

182
183
176
173.5
181
171

176.5
175.8
173.4
177
178.2
177

177
182
180.5
176
173
177.2~

178
182.5~

174
174.5
171.5
172
-

Dif-
Mee.rr fer-

1 ‘a

188.7 3.5
185.6 5.3
178.1 6.2
177
135.2 ;5
174.5 7

176 :3
177.9 4.2
175.9: 5.1
180.4. 6.8
176.7 ; 7
180.5 7

I
179.5 [ 5
185.4, 6.8
185 :9
181 10
177.7 9.5
182,8 10.3

185.5 6
181.7; 7.5

;i:y
178

---1-.
1~8.5 13

Mean
fKier-
r+ee,
u arr~
vater

:!24.7
95.6
~; 6

32.2
66.5

81.2
g;

83:6
74.5
67.5

88.5
92.9
90
34
72.7
74.8

89.5
83.7
7’8.9
77.7
70
64.5

3&i:

pated

YI nute
for 1
;qusre
foot

kontal
We of
core
only
-c (q

1,043
1,574
1,872
2,11’4
2,567
& 114

1,116
1,546
1,913
2,571
2,576
2,569

I

;#4/ X
854

.102.4; 934
104.5~

.101.2

I

Ei
,. :
iot 58S
Im. 5 739
10L6
101.21 1,Ml
10L6 1,2.82

.103.6 lx308
-— -—

:&:r

differ-
nee k
tween
mean
xater
md air

1,104
1,646
& 215

2%
3,134

1,374
1,930
38560
3,030
3,455
3,805

.5!2s
749
949

1,112
1,248
1,271

657

1,%1
I, 534
1,Uz
2,029

Total
resist-
ance of
%diatoa
mre, in
?ound:

1.955
5.014

11.167
18.72
%.12
39.67

L 955
6.614

11.187
13.720
23.120
39.67

L 625
4.514
&757
14.42

%:

L 435
4.114
8.157

13..57
20.52
2%63

~ area

I
=H

I
— .—
—----- 25.92
—----- 33.65
----.-- 52
------- 62.93
------- 72.4’4
-.--. — 74.67

.- —.-. 32.24
------. 45.32
--.-.-- fw.11
------- 72.32

81.12
------- 89.34

L 635 12.39
4.614 17.59
a 767 22.28

14.42 26.11
21.52 w. 3
30.1? 29.84

L 453 15.43
4.156 %).73
3.25 %.65

13.73 37.19
20.78 43.02
%.02 47.64

1.033
2.219
4.1+4
7.137

IL d;
1?.MM

L 03$
2. Z9
4. 14+
7.137

lL4ii
17,W

. c1

i%
3. %18
&7$7

10.9+39

.$4
L W7
2.Zn
4.237
7. m

11.459
-

--. T.-

-.



TABLE 11.—FIGURE OF MERIT FOR HEINRICH STREAMLINE RADIATOR]

----

I ..-

8by 8 fcd tunnel I
.

30

50

70

20

50

70

$0

110

130

130

Ii% T 6-5
1647 6.5
169.5 7.0
177.5 7.1
177.7 6.5
179.1 C’

17S.7 9.0
188-0 20
176.5 9.0
171.5 !2.o
1S2.6 8.9
1s3.3 3.5

177.6 &9
174.6 6.8
176.5 9.1
17i.6 %2,
li$l.o S-o
Iwo 8.0 ~

—..

4 by 8 foot tunnel

.0222

.0232

.0401

.063s

. W’

.1437

lm. o
176.5
173.3
Ii% o
174.0
175.6

172.0
170.I
171.5
170.8
1?2.2
175.1

172.0
171.8
In. o
169.1
16%5
169.S

l-fi. 5
167.1
165.5
167.0
lm o
1(%7.1

169.3
169.9
lill o
170-c1
171.0
171.8

16L1
170.0
1722
170-2
169.9
17Lo

176.0
1725
li~ O
175.2
176.0
lm 5

S9.5
S&o
SL6
&L3
fio
645.5

827
SO.6
SL 3
n. 9
fiL 1
s’. 9

76-0,
76.5
74.0
7L6
iL3
70.7

67.7
65.6
64.4
63.0
626
63.~

‘L’
59.6
57.8
56.4
56-3
57.2

57.0
59.s
37.1
52.1
4!3.3
47.8

8L 1
726
76.1
66.6
65.2
&3.6

370
371
372
373
373
373

377
376
376
376
3i6
376

379
g

378
37s
37s

37s

g

W
3s0

377
37s
292
393

%

3s4
3s
.%5
3-s5
3%
3s6

3.%.
3s5
392
3S7
:x

14-1 ~
14.3 :

j

:$-I 2483

14.9
14.5:

‘L1 ,
22s,
21.5 1.21,0\7.‘@22.L
19.0:

29.1
30.0”
29.9

I

al, o ! 15.~Jo

30.2 !
2s.3 I

~z !
36.3 1%5!~~ga
35.3 ~
34.s
36.6

I
37.s
37.3 13S.61 39.m
3%01
37.3
37.3

45.5
t

50.0
39.3 I~2.51 56.750

42s i
4L 3 !

19.2
2L 1
221,
21.9

]

-------

18.7
Is. 4 :

2i. 1
27.5
27.5
2!3.1
2s.1
27.(1

21.4
23.1
‘L s
21.3
=3
1’3.3

17.1
17.6
IT.5
1s-1
17=7
16.6

12.6
13.4
13.4
13.0
12s
13.5

9.1
9.0
9.3
9.4
9.0
9.0

7.4
8.2
6.’4

;:
6.7

—
1s3.o
1s3..5
1s2.o
ml.o
1% o
1s??5

1s1.5
Ml. 2
1s1.1
ml. o
182.0
183.7

1s44o
12A2
1s3.o
1s1.2
1s1.2
Ml. 7

Ml. 1
1s0.o
179.2
179.0
179.8
181.7

1820
1s2o
lsl. 7
ISL 5
Igq. “
1s3.o

17ao
1s6o
l% ~
1620
M: g

;%;

xg ;

182.5
1s2.7

179.5
185.0
Im. 7
176.5
177.5
1720

176.7
175.1
176.3
175.4
17i.1
179.4

lis. o
17s-o
In. o
175.1
li5. 3
175.3

li2. s
li3. 6
1~~,s
173.0
173.9
1T5.4

175.6
175.8
175.s
175.7
176.5
177.4

171.I
173.0
17S.2
176.1
175.6
176.2

1s0.I
176.6
1:s.1
17S.6
1i9.2
179.6

126
1’.’
l’. I
12.7
127
125

17.4
1s.4
17.5
m.s
17.9
15,7

2:
22.1
E2
‘L 5
20.0

23.1
23.s
23.5
22.2
‘L s
23.3

23.3
22.2
22.3
220
21.0
21.3

25.9
29.9
224
22.1
21.1
19.7

15.4
15.3
15.5
246
122
lL 7

..

..——

.—

I,----..-. —------
,

-------

I Snpp&d data: Ra&lating surfaee=2M square feet. Weight of radiator, drY=l13 Poumk; weight of radhtar, fulI=173 pmmds.
~Horsepower dissipate@=O.M+SX P- t. @-
: HOLWPOreKabsorhed=O.W266$ (R WL’6 J$W where F=* ~Wd ~ II. H. ‘.. R=rasktamx & square foci of radiating surface-pomcf.s.

F7.weight of full radiator per square foot of r?diatiig mrface-pmmis. 6= L/D of auphme-mmmed.
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TABLE 111.—FIGURE OF MERIT FOR HEINRICH WING RADI.4TOR

[9 fins, l-inch pitch]

.——
I

Mr’s~ed ‘
M.P.H. ~ti

tunnt

50. . . .

70..

90..

1

1’

140. . . .

‘112.o
117.0
122.0

“ ‘ 125.0
127,5
12%o

I

Temperature in degrees F,

Water
outlet

I

1.8
2.0
1.8
1.9
2.0

;!

t:
2.2
2.1
2.0
2,5
2.5
2.5
2.5
2.5
2.4
2.6
2,5
2.5
2.5
2.5
2.5
2.5
2.5
2.4
22
2,2
2.2
2.8
2.8
2.4
2.2
2.z
21

Rate of
flow in
pounds
of water

pa
minute

217
217
212
213
217
217
217
213
213
217
218
219
219
217
217
211
2L2
Ziz
217
217
217
217
217
219
219
219
217
219
219
219
219
217
2?17
217
Zli
213

22.2 !
23.4 ,[
21,6
22.8

I

o.6s6
245
22.1
27.6
28.5
28.8
2S.5

1

1.275
27,4
26.4
33.9
3L2 \

1

34.6 I 2030
34,1 ; .
34.6
33.4
3s.o
3s.7
39.6
10.0

1

!2935
40.3
40.9
45.2
46.2 !
45.1
42.6

1

4.000
44.0
45.1 ~
45,6
48.8
45.6
44..0 14.580
45.0
43.9

.1. .

I——

0.0355 t

t
I

.0659 ~

[

.1049 /

1~,

,

HP.
txorhed

per Figure
;g;: of mwi
&dietfng =H[P

surfsre
-p,

1Weight of rac km, dry =10.60 pounds; vreight of radiator, wet=15.78 pounds. Radiating surfw8=19.35square feet.
~Faired resiste.ncevalues,
3HP. dissipated= O.02348XB.t. u.
~ HP. absorbed =O.002&54(R F’+ %$WV). V=air swecl in M. P, H, It=resistame per square feet. of radktiugsurf ice in fxxsn(ds. W-weight

of full radiator per square foot of radiating surface in pounds. 6= L/D of airplane, assumed,

——
.
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~
speed

M.P.H.

Su

m

WI

110 I

130

140

[KFins, lj#”pitchJ

Tenrpkture in degrees-F.

DiEer
errre

L?
La
L 5
L<
L6.
i;

::
3Q
2.3

.21
2.5
2.5
~~
24
2.4
3.0
2.8
2.5
2.3
2.5
25
‘2.4
2.7
2.‘J
2.i
2.6
~~
2.4
2.4
2.5
2.4
2.3
20
L9

~::gf

pxrmfs
of water

per
miuute

M1~%.
KM
153
153
15s~fi.
155
155
151~%
155
155
155
155
155
135
15L

- 15s
155
155~%.

l%-
155
lb-
155
1551=

153
MS
155
144
15s
158
15s
15S

B.t. u.
i.%patef
w m.
Ute per
square
fwc of... .
xllacurf
urfxe C

21.2
X_ 6
1s.o
17.2
19.6
20.3
2i. 7
26.5
.F. 7
2.5.s
27.7
25.2
30.1
30.I
28.9

%:
35.2
33.i
30.1
27.7
30.1
30.1
2s.9
32,~
W9
~:

28.9
2s.9
X9
37.9
23.4
2S.2
.%5
23.3

Total
rasfst-
Zrce of
adii

mmds ~

0.Ag3

.917

L 459

2.114

2.879

3.%30

HP. dia-
ai~ted

Totaf per I&l”
esiatanc.$ dfffer-

mx euce of

4—

I
o.56a

. ml
0. 03s2 .45s

.M1

.m

.531

1
707

:6i4

.Z1 :W?
. i19

t .662

1

.815

.S26

.3131 .817
.822
.836

L 0ss

~

L 033
.9$6

L 639 .Sai

i%
.%6

[

1.162
L ~4s

.2231 1,2f.i
L li3
L m
I. 141

[

1.230
1.228

.25W L 333
L 293
L 15-4
L 1~3

I i

HP.
akorbed

w
acp.me
foot of

ragdiagg

=P$

0.259

.C425

.M46

.939

.1315

. M&5

~Qure
of

merit
=qP

2L g
22.1
17.7
17.0
19.3
m. 5
16.6
15.9
16.7
15.6
16.9
15.6
E. 6
f29
12.6
L28
12.9
16.1
11.0
10.1
9.4

10.5
10.8
1115
S.8
9.5
9.2
8.9
K5
K7
8.0
3.0
8.7
8.4
7.5
7,~

1Weigh5 of ra,diator, dry=8.Ei fmunds, weight of radiator, wet= 12.03pcmuds.
~Faked resiskmre values.

Radfatfng .mrfme=12.90sqrmrefeet.

$HP. dksipated=0.0224SXB. t.n.
~HP. ahmrbed=O___ (R l’+% W F>. V-air speed in M.P.H. R=resiatmrs per square foot of radfatiug surfare iu pauuds. W= weight

of full mdhtor per square foot. of radizting surfare in pxrmk. 6=L[D of airplme, -med.

TABLE V.—FIGURE OF MERIT FOR CURTISS RADIATOR 1

[Shutter open]

30 6.11
50 16.50
70 31.43

1 30 51.05
, 110 75.19

130 103.79

~. d~~. !
‘ted W I HP. ab- 1 Figure of

<

‘m~;tt;~- ‘ sorbed = P merit of
=H[P

=H%

m. 91 Z 62 !2L71
w. 39 5.74 Ii. 31

ILL45 10.84 13.05
175.44 la 63 9.42
197.%2 29.87 6.61
2LT.6.5 45.21 4.81

.

——

.-—,..- .—____

1 Weight of ratlator, dry= 105.6Pcmn& . ~“.,
~Resistance values were computed from .

.. ,w~zb&.9.mr@s; frontaI core araa=3 square feet.

~Vslues for H were taken from >imh ,”. , tests in Re&xt No. 1S3,and increeswd in proportion to the change in core aree.,
neglecting efiwi of he~der ares.
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TABLE VI.—W.4TER-PRESSURE DROP INSIDE RADIATOR FOR D~FFERENT RATES OF FLOW

[Pressure head–inches of water]

‘7
l—

40.. . . . . . . . . . . . . . . . . . . . 2.38 ~ 2.52
38 . .. . . . ..- . . ..-. ..--..
80.-. . . . . . .. . . . . . . . . . . . i:; [ :::

, jf#:..._.- 13.10 i 14%
------- . . . ..-. . . . . 18.40 , 20.10

~ %::::;::::::::: tfi ~ *B

-.

G. & O.
176504

L 30

.j 2
10.CQ
14. Ixl
18.W
24,m
29.W’

Rome G. & O.
Turne y li’6.5J32

—l—
2.05 L 55
5.63 3.45
9.76 &10

14 so
21.(P3 1; 2
28.00 18.34
36.ml 24.%3
44.&5 30.50

cf. &! o. :+&o*
1765437

247
k% 5.56
6.45 9.93

10.10 K. 50
14.59 22.40
moo 30.93
26.00 39.54
33.06 .50.oil

G.&O. [ G.&O.
176X35 17W3

1:: k:
24.0
37.5 kg
W o 12 w
73.8 17,24
06.0 22.@

.. ....- -.. . --- ..... . ...
,—

FOR L.4MBLIN RADIATOR

1Water flow------------ 125

I
193

I
175

I ________ ___ ___

~ . {’2W
Pressure drop . . . . . . . . . 15.3 21.9 30.0 38.8 J !33.5 ~ 3%.0 I !%

.I..%M ~ ‘---

TABLE VI1.—PRESSURE DR-OP IN R.4DIATOR FOR VARIO’US R-4TES OF FLOW
——

Rate of flow in
lounds of waterl

per minute

—— . . .

Pressure drop in
radiator fn

inches of mwcur y

EEINRICE RADIAToR KU. I
(9 FINS, l-INCH PITCH)

14: I&l
189 4.W
224 5.46
248 &so

EEINIRICH RADIATOR No. 3
(6.FINS, 1%-INC-H PITCH)

1Temperature of water=lW F.


